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[57) ABSTRACT

A wide angle zoom lens contains, in order from an
object side, a first group having a negative focal length,
a second group having a positive focal length and a
third group having a negative focal length as well as a
fourth and a fifth group each of which have a positive
focal length. When the lens is moved to effect zooming
from the side having a short focal length to a side hav-
ing a long focal length either the first group 1s first
moved toward the final image plane on an optical axis in
a first movement phase and then moved toward the
object in a second phase of movement or the first group
1s moved toward the image with each of the movements
being executed in a non-linear fashion to correct varia-
tion of a focal length. The second group is monotoni-
cally moved towards the object to effect magnetization
while the third group remains immovable and the
fourth group is monotonically moved toward the object
at a rate relatively slower than the second group to
effect magnetization while the fifth group also remains
immoble.

2 Claims, 17 Drawing Figures
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1
WIDE ANGLE ZOOM LENS

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to a zoom lens for use with size
of 35 mm, wherein a wide angle with an angle of field of
78° 1s included in a magnification region therefor and
which has a high magnification in which a zoom ratio 1s
about 3.5 times.

2. Description of the Prior Art

In the past, as a zoom lens in which a wide angle s
included in a magnification region therefor, a zoom lens
for use with 35 mm size with an angle of field in the
range of from 63° to 34° is known which comprises two
groups of lenses. In the zoom lens of the type described,
in order to secure aperture efficiency of the angle of
field in the periphery without increasing an effective
diameter of a lens of a first surface and when the first
group of lenses are drawn out for focusing in order to
prevent relative illumination even when focusing was
made at close quarters, it is advantageous to provide an
arrangement wherein a negative focal length 1s apphed
to the first group on the object side to make small an
angle formed between the peripheral flux emitted from
the first group and an optical axis. It 1s apparent how-
ever that so far as an image forming system is present in
the case where the whole system is taken into consider-
ation, a strong positive refractive power is required for
the succeeding second group. Additionally, in order for 30
the light flux which is subjected to emitting action of
the first group in order to have a greater width, 1s inci-
dent upon the second group, a high degree of spherical
aberration and coma aberration occurs on the side of a
long focal length and it is difficult to restrain variation 35
of aberrations over the entire zoom region. Therefore,
the zoom ratio is in principal increased to a factor of
two.

Recently, a zoom lens having more than three groups
of lenses and having a high magnification with a wide
angle included in a magnification region has been uti-
lized. However, the leading zoom lens is of the semi-
wide angle type in which the angle of field at the end of
the short focal length 1s in the vicinity of 63°. That 1s,
the focal length is in the vicinity of 35 mm in case of 35
mm size. For a zoom lens in which the end of the short
focal length 1s in the vicinity of 28 mm of the focal
length and the zoom ratio is close to three times, Japa-
nese Patent Publication No. 55-14403 disclosed a system
in which a negative focal length is arranged in the first 50
group. However, in this system, the overall length of
the lens cannot be made short at the end of the short
focal length and the slope of a cam curve 1s varied
pronounced on the side of the short focal length,
thereby adversely effecting operability in that portion.
If the focal length of the first group is made small, it is

advantageous to provide miniaturization and high mag-
nification ratio, overcoming the aforesaid difficulties,

whereas it i1s extremely difficult to correct aberrations,
failing to provide high performance. A hmit of the
zoom ratio was up to three times by the reciprocal
nature.
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SUMMARY OF THE INVENTION

In accordance with the present invention, a method 65
for arrangement of and a method for movement of
groups of zooms in which negative, positive, negative,
positive and positive lenses are arranged in order from

2

the object side which have not heretofore been found
are combined thereby to overcome those disadvantages
noted above, and to provide an angie field of 78° at the
end of a short focal length, to provide a magnification of
a zoom ratio which is about 3.5, to provide compactness
over the entire zoom region and to correct aberrations

in a satisfactory manner.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an explanatory view showing a basic con-
truction of and a moving route of a lens system;

FIGS. 2to S are respectively sectional views showing
an arrangement of lenses in an intermediate focal length
in embodiments 1 to 4; and

FIGS. 6 to 9 respectively show aberrations of the
embodiments.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

In the following, a structure of and a method for
movement of lens groups of a zoom lens in accordance
with this invention will be described with reference to
the drawings.

As a basic structure of a zoom lens and a moving
route of each group of lenses are shown 1n FIG. 1, a
zoom lens of the present invention comprises, in order
from an object side, a first group having a negative focal
length, a second group having a positive focal length, a
third group having a negative focal length, and a fourth
and fifth group both of which have a positive focal
length, wherein when zooming is effected from a side of
a short focal length to a side of a long focal length,
either the first group is firset moved towards the final
image plane on an optical axis in a first phase and then
moved towards the object in a second phase or the first
group is moved towards the image in a non-linear fash-
ion to correct variation of a focal position, said second
group i1s monotonously moved towards the object to
effect magnification, said third group remains immov-
able, said fourth group is monotonously moved towards
the object at a rate relatively slower than said second
group to effect magnification, and said fifth group re-
mains immovable.

In the zoom lens of this type, inclination of light
becomes excessively great between the third group and
the fourth group at the end of the short focal length, the
peripheral light passes by the peripheral edge of the
fourth and fifth groups to rapidly change the character-
istic based on an angle of field of an image plane, and
astigmatism Increases, coma aberration occurs and a
diameter of a rear lens increases. Also, inclination of
light in the peripheral edge 1s great between the first and
second groups at the end of the short focal length simi-
larly to the former. If said spacing 1s made great, an
increase in a diameter of a front lens immediately results
and if the diameter of the front lens is restrained, it
becomes impossible to obtain a sufficient relative illumi-
nation. Accordingly, in determining the focal length of
each group and the moving system, it 1S necessary to
select conditions so as to reduce a spacing between the
first and second groups and between the third and
fourth groups on the side of the short focal length.

More specifically, the following conditions are

desireably met.

1.4 < {Fi| /Fw < 1.8 (1)
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-continued on the side of the short focal length, and therefore,
0.9 < Fa/F., < 1.4 (2) when exceeding the lower limit, the negative distortion
aberration becomes large and further the astigmatism
LI < Falbw < 2 (3) becomes large in the entire zoom region, resulting in a
3 < Fs/F. < 20 ) 5 difficulty of correction of the aberration. When exceed-
ing the upper limit, the magnification effect decreases
0.3 < Vasba < (%) and the backfocus becomes great more than as needed

| (6) and the overall length of the lens 1s extended.
A1 <0 The condition (4) i1s provided to strengthen the func-
j=1 fyj- v¥ 10 tion of the fifth group which is stationary and having a
Y _1_ oo positive focal length to render possible the realization of
j=1fsj- v y a high magnification ratio including a wide angle. When

the focal length of said group of lenses becomes small,
the effect given on the shape of the cam curve 1s similar

Etl?::al length of the i group 15" to that of the case where the negative focal length of the
F.: resultant focal length of the entire system at the end first group is small. That is, the mount of movement of
of the short focal length the first group required when zooming takes place is
Vi moving speed of zooming of the 1 group small and the slope of the cam of the first group on the
fiz focal length of the j lens which constitutes the 1 ,, side of the short focal length becomes gentle. Thus, in
group order to obtain the effect as described, the refractive
vij: Abbe number of the j lens which constitutes the 1 force of the first group need not be strengthened, and
group the negative focal length may be obtained largely. It 1s
ki: number of lenses which constitute the 1 group therefore possible to relieve a burden of the succeeding

The condition (1) is necessary to provide consistency ,. groups after the first group to realize a zoom lens which
of compactness and high performance in the entire is small in size and has a high performance. The upper
zoom region and is the condition which greatly influ- ;i is a limit which does not loose said effect. How-
;ences 511_150'_ on a lens bzl_'rd rr_lechat;usm. It exce}e}dmg th?, ever, when the focal length of the fifth group is exces-
ower limit, negative distortion aberration at the side o sively small, a negative distortion aberration occurs
the short focal length i1s great and spherical aberration : . . . :

. . . 0 over the entire zooming region, which aberration be-
and coma aberration are excessively great at the side of comes great especially at the end of the short focal
the long focal length. This is because of the fact that the leneth & whi hi. )I(e € fiald is wid d as a co
emitting action of the first group 1s excessively strong to engihin WHICH an angle o 15 Wide, and 95 e

quence, the correction becomes difficult to make.

impose a greater burden on the second group. Con- g , , _ )
versely, when exceeding the upper limit, correction of The condition (5) Is provided to realize a high zoom
ratio without widening the spacing between the third

the aforesaid aberrations becomes easy but the amount 3
and fourth groups at the end of the short focal length. If

of movement by zooming of the first group increases : - _ ,
and a slope of a cam curve for movement of the first exceeding the lower limit, the magnification effect of

group on the side of the short focal length become the fourth group decreases, a burden of which 1s 1m-

sharp, which results in the worsening of the operability POSEd on the'movement'of the SECOI}d group, resu!tiqg
such that a great operating force is required to effect 40 in a decrease in zoom ratio. If exceeding the upper himit,

zooming at said portion. In addition, the amount of  even though the required zoom ratio can be realized,
drawing out the first group for phototaking at close the spacing between the third and fourth groups be-

quarters increases to decrease an effect by which the comes large at the end of the short focal length, and for
angle formed between the light flux which is emitted the aforementioned reasons, the astigmatism and coma
from the first group to form a peripheral image and the 45 aberration occur excessively greatly.

optical axis, resulting in an increase in diameter of the The condition (6) is required to correct in a good
front lens or in a difficulty to secure the relative illumi- manner a chromatic aberration of magnification simul-
nation. taneously when the chromatic aberration of a paraxial

The condition (2) 1s necessary to control variation of ray is removed over the entire zoom region. The expres-
aberrations in zooming. When exceeding the lower 30 .

limit, the positive refractive force of the second group is
too strong, and particularly, the spherical aberration at
the region of the intermediate focal length 1s short in )3 jl ~
correction and unsymmetrical coma aberration results LA
from the intermediate focal length towards the long 33
focal length. When exceeding the upper himit, the action
as a variator of the second group is weakened to 1n-
crease the amount of movement required for zooming
and make the lens system large.

The condition (3) i1s necessary to correct the overall 60

= 0

indicates the condition of chromatic correction for a
lens structure as 1s well known. Under the condition (6)
the fourth lens group is such that the expression is less
than O and the fifth lens group satisfies the condition
such that the expression is greater than 0. In other

length of the lens and various aberrations, particularly, words, in order to provide for a condition of chromatic
distortion aberration. The condition (3) 1s complemen- correction for the entire system the fourth lens group
tary to the condition (4) and is provided whereby the . which has the expression less than O indicates over-cor-
refractive force is adequately distributed to maintain the rection and the fifth lens group which has the condition

aberration in a good manner without forming the lens 65 whereby the expression is greater than O indicates un-
system large in cooperation with the fifth group. In the der-correction so that in the total of the zoom lens sys-
case the diaphragm is positioned before the third group, temn, the chromatic aberration is over corrected by the
the fourth group is arranged away from the image plane fourth lens group while it 1s under corrected by the fifth
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lens group so that the chromatic aberration may be
corrected as a whole. If the condition 1s outside the
condition (6), it becomes difficult to correct the magni-
fication and chromatic aberration particularly at the
side of the short focal length in which an angle of field
1s wide.

In the following, the embodiments of the present
invention which meet all the aforementioned conditions
are shown. FIGS. 2, 3, 4 and 5 show in section the
position and shape of the lens in the intermediate focal
length in Embodiment 1, 2, 3 and 4, respectively. In the
drawings, I to V indicate the first to fifth groups, re-
spectively. In either embodiment, the resultant focal
length 1s 28.8 to 97 mm 1n 35 mm size.

In the tables, ri, di, ni and vi are usual indications.

Embodiment ! (see FIG. 2)

288 E F =97 Fpapo=4
Angle of field 2W = 76.9° — 24.14°

Fi = —45 F»232302 Fi= =25 F3 =396 Fs =222
rl=134.892 dl = 4.4 nl = 1.51680 vl = 64.20
2= -~452.755 d2 = Q.1
r3i=131.827 dl = 2.0 n. = 1.71300 v2 = 53.94
r4=38.599 d4 = 7.24
rS= —148.116 d5 = 3.47 n3 = 1.84666 v3 = 2383
r6= —56.656 ds§ = 1.5 néd = 1.75500 vd = 52.33
r7=73.269 d6 = variable
r8 =86.994 d8 = 443 ndS = 1.69680 vy = 55.46
9= —41.100 d9 = 1.1 n6t = 1.84666 vH = 23.83
rl0=—136980 di0 = 0.1
rl1=138.499 dll = 3.22 n7 = 1.51680 vl = 64.20
rl2= —68.497 di2 = 0.1
r13=27.471 di3 = 3.8 n® = 1.51680 v8 = 64.20
ri4=74.306 d14 = variable
r15=94.094 di5 = 1.0 n9 = 1.51680 v = 64.20
rl6=42.714 dlé = 1.9
517=—-32495 d17 =1.0 nlQ = 1.69680 v10 = 55.46
r18=19.594 di8 = 2.06 nil = 1.80518 vill = 25.46
r19=48.430 d19 = wvariable
120= e d20 = 3.92 nl2 = 1.74400 vi2 = 44.87
r21=—29.140 d21 = 0.1}
r22=70.894 d22 = 7.5 nl3 = 1.58913 viI3 = 61.25
r23i=~21.126 d23 = 1.1 nl4 = 1.80518 viI4 = 25.46
r24= d24 = variable
525=265.754 d25 = 1.2 nls = 1.71300 v15 = 53.94
r2é=>54.449 d26 = 3.4 nlé = 1.68893 v16 = 31.16
r27=-302.512

Variabie Spacing
F 28.8 52.855 97
d7 83.244 13.878 1.032
dl4 3.483 13.045 27.185
d19 13.686 8.905 1.835
d24 0.769 5.551 12.620

At this time, the value of the first formula of the
condition (6) i1s —0.0003543 and the value of the second

formula 1s 0.0002847.

Embodiment 2 (see FIG. 3)

288 =F =97 Fpp,=4
Angle of field 2W = 76.78° — 24.1%8°

Fi= 45 F>=304 F3= —244 F4 = 396
Fs = 169

rl=149.185 dl = 3.7 nl = 1.65844 vl = 50.85
r2=-—791.524 d2 = 0.1

r3=111.059 d3 = 2.0 n2 = 1.71300 v2 = 53.64
rd=35.479 dd = 6.6

r5=—278.744 dd = 3.5 n3 = 1.84666 v3 = 23.83
ré=—62.614 dé = 1.7 nd = 1.75500 v4d = 52.33
r7==63.443 d7 = variable

r8 =88.653 d8 = 4.0 n5 = 1.75500 v = 52.33
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-continued
Embodiment 2 (see FI1G. 3)
9= —-57.429 d9 = 1.1 né = 1.84666 v6 = 23.83
ri0=369.859 di0 = 0.1
rli=64.117 dil = 3.8 n? = 1.51680 vl = 64.20
r12=—66.924 diz = 0.1 |
ri3=29.292 dl3d = 3.1 ng = 1.58913 v = 61.25
ri4 =86.013 d14 = wvariable
rld=—-7876.826 dl15 = 1.0 n9 = 1.51680 vl = 64.20
rl6=<85.170 dié = 1.9
r17=—35.626 dl17 = 1.0 nl0 = 1.69680 vI0 = 55.46
ri§=19.359 digd = 2.0 nll = 1.BO5SIS8 vil = 2546
rio=41.92 d!9 = variable
r20=249.057 d20 = 3.9 ni2 = 1.74400 vl2 = 44 .87
r2] =-—33.688 d2t = 0.]
r22=93.889 d22 = 8.0 nl3 = 1.58904 vi3 = §2.93
r23=-22.526 d23 = 1.1 nld = 1.80518 vi4 = 2546
r24=-—312.252 d24 = vanable
r25=—811.278 d2§5 = 2.5 nlS = 1.68893 vi5 = 31.16
r26 = — 100.888
_Yariable Spacing

F 28.8 52.855 97

d7 33.439 12.311 0.930

dl4 3.461 13.834 28.454

dl9 15.078 9.892 2.582

d24 {.298 6.484 13.794

At this time, the value of the first formula of the
condition (6) i1s —0.000148! and the value of the second
formula 1s 0.0001921.

Embodiment 3 (see F1G. 4)

28 = F =97 Fno= 344 — 452
Angie of field 2W = 77.56* — 24.14°

Fi1 = —45 Fy=29 Fi= -244 F4 = 39.6
Fs = 200
ri=111.157
r2=—825.676 dl = 5.4 nl = 1.51680 vl = 64.20
r3=131.783 d2 = 0.1
r4 = 37.099 - d3i =18 n2 = 1.71300 v2 = 53.94
r5=—1292.125 d4 = 6.2
r6=25.718 ds =1.2 n3 = 1.75500 v = 52.33
r7=>51.379 dé = 5.7 nd = 1.84666 vd = 23.83
r8 =48.684 d7 = wvanable
= —24.785 d8 = 6.0 nS = 1.75500 vS = 52.33
rl0=-~68.910 d9 = 1.1 né = 1.84666 v6 = 23.83
ri2=60.712 dli = 3.2 n?7 = 1.64000 v7 = 60.15
r13=1269.782 d12 = variable
ri4d=62.824 dl13 = 0.8 ng = 1.65830 v8 = §7.26
ris5=—38.037 dl4 = 1.9
r16=25.285 d15 = 0.8 n9 = 1.69630 9 = 55.46
rl17=251.171 dié = 2.6 ni0 = 1.80518 vi10 = 25.46
ri8=—98.249 d17 = variable
rio= —28.053 dig = 3.0 nll = 1.78560 vl = 43.93
r20=43.891 di9 = 0.1
r2]l = —~24.852 d20 = 7.8 nl2 = 1.58913 vI2 = 61.25
r22=488.043 d21 = 1.1 ni3 = 1.80518 vi3 = 25.46
r23=186.354 d22 = variable
r24=27.102 d23 = 1.0 nld = 1.71300 vi4 = 53.94
125=—250.608 d24 = 5.5 nl5 = 1.67270 vi5 = 32.17
Variable Spacing

F 28.8 52.855 97

d? 37.509 14.397 2.047

dl2 2.048 11.281 24 838

dl17 13.146 8.529 1.751

d22 0.528 5.145 11.923
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In this embodiment, the open aperture diameter is
made constant during the zooming, and therefore, the
aperture ratio 1s as follows:

5
F 28.8 52.855 97
Fyv, 34 3.84 3.52
At this time, the value of the first formula of the
condition (6) is —0.000294 and the value of the second 10
formula is 0.0004338.
Embodiment 4 (see FIG. 5)
288 S F =97 Fyp=4 13

Angle of field 2W = 76.56° — 24.1°

Fi = -45 F; =302 F3= —25 F4= 396 F5 =222
rl=167.347 dl = 4.5 nl = [.65844 vl = 50.85
r2=-—~519.920 d2 = 0.1
r3=131.827 di3 =20 n2 = 1.71300 v2 = 531.94
r4=38.000 d4 = 7.33 20
rs=—153.440 ds = 1.5 nd = 1.75500 vy = 52.33
r6=37.832 dé6 = 3.9 nd = 1.84666 vd = 23.83
r7=75998 d7 = variable
r8§=87.981 d8 = 4.88 nS = 1.69680 v5 = 55.46
9= —34.190 de = 1.1 n6t = 1.84666 v = 23.83
ri0=—-112.137 d10 = 0.1 15
ril1=165.710 dil = 3.04 n7 = [.51680 vl = 64.20
ri2=—=67.114 dlz = 0.1
rl13=27.957 dl3 = 4.0 ng = 1.51680 vl = 64.20
ri4=76.952 dl4 = variable
ri5=67.435 di§s = 1.0 n9 = 1.51680 v9 = 64.20
rl6=236.999 dlé = 1.9 10
1'17-——-—32.339 dl? = 1.0 ni0 = 169630 VIU — 5546
rl8=17.706 dif = 2.2 nil = 1.80518 vil = 2546
r19=46.091 d19 = wvariable
20=—639.110 d20 = 3.92 ni2 = 1.74400 vi2 = 4487
r2l=—28.382 d2]l = 0.1
r22=68.486 d22 = 7.5 ni3 = 1.58913 vi3 = 61.25
23=—21.141 d23 = 1.1 nld4 = 1.80518 vl4 = 2546 39
r2é4=—5298.500 d24 = variable
r25=237.362 d25 = 1.2 nls = 1.71300 vis = 53.94
r26=54.862 d26 = 3.4 nlé = 1.68893 vié = 31.16
r27=—2352.816

40
Variable SEacing
F 28.8 52.855 97
d? 38.047 13.969 0.913 45
dld 3276 12.623 27.011
dl9 13.647 3.514 1.779
d24 0.831 5.963 12.699

At this time, the value of the first formula of the
condition (6) 1s —0.0003514 and the value of the second °°
formula 1s 0.0002793.

FIGS. 6, 7, 8 and 9 show aberratlons for Embodi-
ments 1, 2, 3 and 4, respectively. In FIGS. 6-9, (A) is for
F=28.8, (B) for F=52.855, and (C) for F=97. In the
figures, reference character SA designates the spherical 39
aberration, SC, the sine condition, AS, the wane-spheri-
cal focal line and AM, the meridian focal line.
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As can be seen clearly in FIGS. 6-9, in every embodi-
ment, the good aberration state is maintained through
the variation region of the focal length.

What is claimed 1s:

1. A wide angle zoom lens, comprising, in order from
an object side, a first group of lenses having a negative
focal length, a second group of lenses having a positive
focal length, a third group of lenses having a negative
focal length and a fourth and fifth group of lenses each
of said fourth and fifth group having a positive focal
length, whereby when a zoom operation is effected
from a side of a short focal length to a side of a long
focal length, said first group of lenses is moved in one of
a first path of movement and a second path of move-
ment wherein said first path of movement is such that
said first group of lenses is first moved toward the final
image plane on an optical axis in a first phase of move-
ment and then moved toward the object in a second
phase of movement and wherein said second path of
movement is such that said first group of lenses is
moved only towards said final image plane with each of
said paths being executed in a non-linear fashion in
order to correct variation of a focal position, and
wherein said second group is monotonically moved
towards the object to effect magnification, said third
group remains immovable, said fourth group i1s mono-
tonically moved towards the object at a rate relatively
slower than said second group to effect magnification,
and said fifth group remains immovable.

2. The zoom lens according to claim 1, wherein the
following condition ts met:

14 < |F|/Fw < 1.8
09 <« FR/Fo < 1.4
1.1 < F3/F, < 2

4 < Fs/F,, < 20
0.3 < Va/V3 < 1

k4 1
2 o <0
J=1f4j-uf

Y 0
- >
j=1fsj- v’

where

F;: focal length of the 1 group

F.: resultant focal length of the entire system at the
end of the short focal length

Vi moving speed of zooming of the 1 group

fi- ocal length of the j lens which constitutes the 1
group

vij : Abbe number of the j lens which constitutes the
1 group

ki : number of lenses which constitute the 1 group.
* * % *
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